Archana Singh-Manoux,
PhD

Sébastien Czernichow,
MD, PhD

Alexis Elbaz, MD, PhD

Aline Dugravot, MSc

Séverine Sabia, PhD

Gareth Hagger-Johnson,
PhD

Sara Kaffashian, MSc

Marie Zins, MD, PhD

Eric J. Brunner, PhD

Hermann Nabi, PhD

Mika Kivimiki, PhD

Correspondence & reprint
requests to Dr. Singh-Manoux:
archana.singh-manoux@inserm. fr

Supplemental data at
www.neurology.org

Supplemental Data

[=] 5[]

Obesity phenotypes in midlife and

cognition in early old age
The Whitehall II cohort study

ABSTRACT

Objective: To examine the association of body mass index (BMI) and metabolic status with cogni-
tive function and decline.

Methods: A total of 6,401 adults (71.2% men), aged 39-63 years in 1991-1993, provided data
on BMI (normal weight 18.5-24.9 kg/m?, overweight 25-29.9 kg/m?; and obese =30 kg/m?) and
metabolic status (abnormality defined as 2 or more of 1) triglycerides =1.69 mmol/L or lipid-
lowering drugs, 2) systolic blood pressure =130 mm Hg, diastolic blood pressure =85 mm Hg, or
antihypertensive drugs, 3) glucose =5.6 mmol/L or medications for diabetes, and 4) high-density
lipoprotein cholesterol <1.04 mmol/L for men and <1.29 mmol/L for women). Four cognitive
tests (memory, reasoning, semantic, and phonemic fluency) were administered in 1997-
1999, 2002-2004, and 2007-2009, standardized to z scores, and averaged to yield a
global score.

Results: Of the participants, 31.0% had metabolic abnormalities, 52.7% were normal weight,
38.2% were overweight, and 9.1% were obese. Among the obese, the global cognitive score at
baseline (p = 0.82) and decline (p = 0.19) over 10 years was similar in the metabolically normal
and abnormal groups. In the metabolically normal group, the 10-year decline in the global cogni-
tive score was similar (p for trend = 0.36) in the normal weight (—0.40; 95% confidence interval
[Cl] —0.42 to —0.38), overweight (—0.42; 95% Cl —0.45 to —0.39), and obese (—0.42; 95% CI
—0.50 to —0.34) groups. However, in the metabolically abnormal group, the decline on the global
score was faster among obese (—0.49; 95% CI| —0.55 to —0.42) than among normal weight
individuals (—0.42; 95% Cl —0.50 to —0.34), (p = 0.03).

Conclusions: In these analyses the fastest cognitive decline was observed in those with both
obesity and metabolic abnormality. Neurology® 2012;79:755-762

GLOSSARY
BMI = body mass index; HDL = high-density lipoprotein; MHO = metabolically healthy obesity.

Prospective studies suggest that overweight and obesity, particularly in midlife, are risk factors
for dementia.'~¢ Early studies relating adiposity to dementia provided conflicting results until it
became evident that age modified this association.>” Higher body mass index (BMI) in elderly
individuals is associated with lower dementia risk; possible explanations include weight loss
during the preclinical phase of dementia (reverse causation) and selection biases because of
competing risks of death related to high BMI. Recent evidence suggests that in younger popu-
lations, in whom dementia is rare, obesity is a risk factor for poor cognitive outcomes in
cross-sectional®® and prospective analyses.®~!! It is hypothesized that obesity-related pathology
that leads to cognitive decline takes many years to develop, and BMI in midlife rather than at
older ages may reflect the long-term effect of obesity on cognition.?
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Although obesity is typically accompanied
by unfavorable metabolic profiles, such as
high glucose, adverse lipid levels, and elevated
blood pressure, this is not always the case. Re-
cent attempts to capture this heterogeneity in-
clude concepts such as metabolically healthy
obesity (MHO), used to describe individuals
with a BMI =30 kg/m” combined with an
otherwise healthy metabolic profile.'>'3 Al-
though there is considerable evidence to show
adverse effects of obesity on health,'4-1¢ research
suggests that the MHO phenotype is not associ-
ated with increased risk of cardiovascular dis-
ease.'”” However, the evidence is far from
conclusive,2°22 and little is known about the
impact of MHO on cognitive function.

The objective of the present study was to
examine the association between midlife obe-
sity phenotypes, including MHO, and cogni-
tive function in early old age. We also assess
associations with cognitive decline, based on 3
assessments over 10 years. A standardized def-
inition was used to categorize individuals
based on their BMI and metabolic profile us-
ing data on dyslipidemia, hypertension, and
hyperglycemia.?

METHODS Participants. Data are drawn from the White-
hall I cohort, established in 1985 among 10,308 (67% men)
British civil servants.? All civil servants aged 35-55 years in 20
London-based departments were invited to participate by letter,
and 73% agreed. The study design consists of a clinical examina-
tion, carried out by a trained team of nurses in facilities specially
hired for this purpose, approximately every 5 years: 1985-1988,
1991-1993, 1997-1999, 2002-2004, and 2007-2009.

Standard protocol approvals, registrations, and patient
consents. All participants provided written informed consent,
and the University College London ethics committee approved
this study.

Measurements. BMI (assessed 1991-1993). Weight was
measured to the nearest 0.1 kg with participants in underwear on
Sochnle electronic scales with digital readout (Leifheit AS, Nas-
sau, Germany). Height was measured to the nearest I mm with
participants in bare feet using a stadiometer with the participant
standing erect with head in the Frankfurt plane. Reproducibility
(intraclass correlation) of the weight and height measurements
over 1 month, undertaken on 331 participants, was 0.99. BMI
(weight in kilograms/height in meters squared) was categorized
using the World Health Organization classification*: <18.5 kg/
m?2, underweight; 18.5-24.99 kg/mz, normal weight; 25-29.99
kg/m?, overweight; and =30 kg/m?, obese, with the <18.5
kg/m” category (n = 80) removed from the analysis.

Metabolic status (assessed 1991-1993). We used standard
operating protocols to measure the various components to define
metabolic status. Blood pressure was the mean of 2 measures

using a Hawksley random-zero sphygmomanometer (Lynjay
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Services Ltd., Worthing, UK). Venous blood was taken in the
fasting state or at least 5 hours after a light, fat-free breakfast.
Serum for lipid analyses was refrigerated at —4°C and assayed
within 72 hours. High-density lipoprotein (HDL) cholesterol
was measured by precipitating non-HDL cholesterol with dex-
tran sulfate-magnesium chloride using a centrifuge and measur-
ing cholesterol in the supernatant. Serum triglyceride was
determined by an enzymatic colorimetric method (glycerol phos-
phate oxidase-phenol + aminophenazone). Fasting blood glu-
cose was measured using the glucose oxidase method® on a YSI
model 2300 StatPlus Analyzer (YSI Corporation, Yellow
Springs, OH) (mean coefficient of variation 2.9%-3.3%). Med-
ication data (antihypertensive drugs, lipid-lowering drugs, and
medication for diabetes) were coded using the British National
Formulary.

The definition of metabolic abnormality was 2 or more of
the following components®: 1) triglycerides =1.69 mmol/L or
lipid-lowering drugs, 2) systolic blood pressure =130 mm Hg,
diastolic blood pressure =85 mm Hg, or antihypertensive drugs,
3) glucose =5.6 mmol/L or medications for diabetes, and 4)
HDL cholesterol <1.04 mmol/L for men and <1.29 mmol/L
for women. We used this definition along with data on BMI
to create 6 categories: normal weight-metabolically normal,
overweight-metabolically normal, obese-metabolically normal,
normal weight-metabolically abnormal, overweight-metabolically
abnormal, and obese-metabolically abnormal.

Covariates (assessed 1991-1993). Included were age, sex,
and education, the highest qualification on leaving full-time ed-
ucation and categorized as lower secondary school or less, higher
secondary school (usually achieved at age 18), university, or
higher degree.

Cognitive function (assessed 1997-1999, 2002-2004,
and 2007-2009). Cognitive testing was introduced to the study
in 1997-1999 and undertaken on all participants who con-
sented. The cognitive test battery consists of4standard tasks.
First, a timed test (10 minutes) of reasoning, the Alice Heim 4-I,
composed of a series of 65 verbal and mathematical reasoning
items of increasing difficulty is given* Second, a 20-word free
recall test to test short-term verbal memory is used. In
addition,2measures of verbal fluency,” phonemic and semantic,
are combined in the analysis. Subjects were asked to recall in
writing in 1 minute for each test as many words beginning with
S (phonemic fluency) and as many animal names (semantic flu-
ency) as they could. Besides these 3 scores (memory, reasoning,
and verbal fluency), a global cognitive score was created using all
the tests described above by first standardizing the raw scores on
each test to z scores (mean 0; SD 1). The z scores were then
averaged to yield the global cognitive score. In the longitudinal
analysis, the standardization to the z score was performed using
the mean and SD from 1997-1999. Previous research has used
global scores constructed in this manner to minimize problems

due to measurement error on the individual tests.?®

Statistical analysis. All analyses were conducted using
STATA 11. Participant characteristics were calculated as per-
centages or mean (SD), when appropriate, by BMI category. We
first examined association of BMI and metabolic status (1991—
1993) with the first measure of cognitive function, assessed in
1997-1999 and referred to as the baseline (figure e-1 on the
Neurology® Web site at www.neurology.org). In these analyses,
we first examined separately the association of BMI categories
and each of the 4 components included in the definition of met-
abolic abnormality with cognition using linear regression. Then,

we used the 6 BMI-metabolic status phenotypes to assess the
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[ Table 1

Body mass index

Sample characteristics at baseline (phase 3, 1991-1993) ]

18.5-24.9 kg/m?

Sample characteristics (normal weight)

No. (%) 3,374 (52.7)
Age, y, mean (SD) 48.9 (6.0)
Male sex, n (%) 2,398(71.1)
University degree, n (%) 1,114 (33.0)
Metabolically abnormal, n (%)? 616 (18.3)
High triglycerides or medication 571(16.9)
High blood pressure or medication 950 (28.2)
High fasting glucose or medication 542 (16.4)
Low HDL cholesterol 405 (12.0)

Abbreviation: HDL = high-density cholesterol.

25-29.9 kg/m? =30 kg/m?

(overweight) (obese) p Value
2,445(38.2) 582(9.1)

50.0 (6.0) 49.7 (5.8) <0.001
1,848(75.6) 310(53.3) <0.001
622 (25.4) 130(22.3) <0.001
1,019 (41.7) 350(60.1) <0.001
916 (37.5) 276 (47.5) <0.001
1,166 (47.8) 393(67.5) <0.001
515 (25.8) 193(34.2) <0.001
602 (24.7) 215(37.3) <0.001

2 Metabolic abnormality was defined as having 2 or more of the following components: 1) triglycerides =1.69 mmol/L or
lipid-lowering medication; 2) systolic blood pressure =130 mm Hg, diastolic blood pressure =85 mm Hg, or medications; 3)
glucose =5.6 mmol/L or medications; and 4) HDL cholesterol <1.04 mmol/L for men and <1.29 mmol/L for women.

association with cognition using linear regression. All analyses
were adjusted for age, sex, and education.

Linear mixed models? were used to estimate the longitudinal
association of the BMI-metabolic status phenotypes (assessed in
1991-1993) with cognitive decline (3 assessments, 1997-1999,
2002-2004, and 2007-2009). Mixed models use all available
data over the follow-up, take into account the fact that repeated
measures on the same individual are correlated with each other,
and can handle missing data. In these analyses both the intercept
and the slope (modeled using a linear term) were fitted as ran-
dom effects, allowing individuals to have different cognitive
scores at baseline and different rates of cognitive decline over the
follow-up. These models yielded an estimate of mean 10-year

decline in cognitive scores and the associated 95% confidence

interval (CI) in the 6 BMI-metabolic status groups. These analy-
ses were adjusted for age, sex, and education. The interaction
term between gender, time, and the BMI-metabolic status
groups suggested similar cognitive decline in men and women
(all p values between 0.70 and 0.87), leading us to combine men
and women in the analysis. For both the baseline and the longi-
tudinal analysis, we tested for a linear trend as a function of BMI

categories in analyses stratified by metabolic status.

RESULTS Data on BMI and metabolic factors were
available in 1991-1993 for 7,793 participants (figure
e-1). Compared with the excluded individuals, the
participants included in the analyses (n = 6,401)

[ Table 2 Association (expressed as z scores) between metabolic factors and BMI at baseline (1991-1993) and cognition (1997-1999)2 ]

Metabolic abnormality®
No

Yes

Difference (95% confidence interval) in cognitive score

Global score Reasoning

0.00 (ref) 0.00 (ref)

-0.13(-0.18to —0.08)

Components of metabolic abnormality®<

High triglycerides or medications
High blood pressure or medication

High fasting glucose or medication

Low HDL cholesterol

BMI category

18.5-24.9 kg/m? (normal weight)
25-29.9 kg/m? (overweight)

=30 kg/m? (obese)

—0.09(-0.14 to —0.04)
-0.12(-0.16 to —0.07)
—-0.03(-0.08 to 0.03)
—0.13(-0.19to -0.07)
0.00 (ref) 0.00 (ref)
—0.08(-0.13 to —0.04)
-0.12(-0.20 to —0.04)

Abbreviations: BMI = body mass index; HDL = high-density lipoprotein; ref = reference.
2 Separate analyses for each exposure, adjusted for age, sex, and education.

> Metabolic abnormality was defined as having 2 or more of the following components: 1) triglycerides =1.69 mmol/L or lipid-lowering medication; 2)
systolic blood pressure =130 mm Hg, diastolic blood pressure =85 mm Hg, or medications; 3) glucose =5.6 mmol/L or medications; and 4) HDL cholesterol
<1.04 mmol/L for men and <1.29 mmol/L for women.
¢ Reference category in these analyses is composed of those without the metabolic abnormality in question.

—0.10(-0.14 to —0.05)

—-0.07 (-0.12to —0.02)
—0.09(-0.13to —0.04)
—-0.02(-0.07 t0 0.03)

—0.11(-0.17 to —0.06)

—-0.08(-0.12to —0.03)
-0.10(-0.18to —0.02)

Memory Verbal fluency

0.00 (ref) 0.00 (ref)
—0.07(-0.12to —0.02) -0.12(-0.17 to —0.07)
—0.05(-0.11 t0 0.00) —0.08(-0.13to —0.02)
—0.08(-0.13to —0.03) —0.10(-0.15 to —0.05)
0.01(-0.04 t0 0.07) —0.03(-0.09t00.02)
-0.07(-0.13to —0.01) -0.12(-0.17 to —0.06)
0.00 (ref)

—-0.06 (-0.11 to —0.01)

0.00 (ref)
—0.06 (-0.11 to —0.01)

—-0.13(-0.22 to —0.05) —0.08(-0.17 to 0.00)
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Table 3 Difference (expressed as z scores) in cognitive function (1997 -1999) as a function of
BMI-metabolic categories at baseline (1991-1993)2

Body mass index Metabolically normal®

Global score
Normal weight 0.00 (ref)
Overweight —0.08(-0.14 to —0.02)
Obese —-0.16 (-0.28to —0.04)
p for trend? <0.001

Reasoning
Normal weight 0.00 (ref)
Overweight -0.10(-0.15to —0.04)
Obese -0.11(-0.23t0 0.01)
p for trend? <0.001

Memory
Normal weight 0.00 (ref)
Overweight —0.04 (-0.10t0 0.02)
Obese -0.20(-0.32to —0.07)
p for trend? 0.01

Verbal fluency

Normal weight 0.00 (ref)
Overweight —0.06 (—0.12 to 0.00)
Obese -0.12(-0.24 t0 0.01)
p for trend? 0.01

Abbreviations: BMI = body mass index; ref = reference.
2 Analysis adjusted for age, sex, and education.

Metabolically abnormal® p Value®
—0.17(-0.25 to —0.09) <0.001
-0.17(-0.23to —0.10) 0.02
—0.14 (-0.24 to —0.04) 0.82
0.74
—0.16 (-0.23 to —0.08) <0.001
-0.12(-0.18 to —0.05) G158
—0.14(-0.23 to —0.04) 0.71
0.57
—0.07(-0.15t00.02) 0.12
—0.10(-0.17 to —0.03) 0.12
—0.11(-0.22 t0 0.00) 0.30
0.42
—0.16 (-0.24 to —0.08) <0.001
—0.14 (-0.21 to —0.08) 0.03
—0.11 (-0.21 to 0.00) 0.90
0.52

b Metabolic abnormality was defined as having 2 or more of the following components: 1) triglycerides =1.69 mmol/L or
lipid-lowering medication; 2) systolic blood pressure =130 mm Hg, diastolic blood pressure =85 mm Hg, or medications; 3)
glucose =5.6 mmol/L or medications; and 4) HDL cholesterol <1.04 mmol/L for men and <1.29 mmol/L for women.

¢ p Value for difference in cognitive score between metabolically normal and abnormal by BMI category based on paired

comparisons derived from a model containing all 6 groups.

9 The test for trend was drawn from analysis stratified by metabolic status.

were more likely to be men (71.2% vs 62.4%, p <
0.001), to be younger (49.4 vs 50.4 years in 1991—
1993, p < 0.001), and to have a university degree
(29.2% vs 19.8%, p < 0.001) and were less likely to
be obese (9.1% vs 13.3%, p < 0.0001) and to die
over the follow-up (hazard ratio adjusted for age
0.26; 95% CI 0.22-0.31). For 982 participants in
the baseline analyses, data on cognitive function were
missing in 1997-1999 and were drawn from 2002—
2004. Of the 6,401 individuals in the longitudinal
analysis on cognitive decline, 4,210 (65.8%) had
data at all 3 waves, 1,442 (22.5%) at 2 waves, and
749 (11.7%) at 1 wave.

The characteristics of the 6,401 participants in-
cluded in the analysis are presented in table 1: 27.6%
had high triglycerides, 39.2% had high blood pres-
sure, 21.6% had high fasting glucose, 19.1% had
low HDL cholesterol, and 31.0% had 2 or more
metabolic abnormalities. The most common risk
factor combinations were 15.1% with high blood
pressure-high triglycerides, 11.8% with high blood
pressure-high glucose, 11.7% with low HDL

Neurology 79 August 21,2012

cholesterol-high triglycerides, 9.4% with high blood
pressure-low HDL cholesterol, 8.2% with high fast-
ing glucose-high triglycerides, and 4.8% with high
glucose-low HDL cholesterol. An adverse metabolic
profile, on all 4 markers, was more prevalent in obese
participants than in their nonobese counterparts. Of
the 582 obese individuals, 60.1% (n = 350) were
categorized as being metabolically abnormal.

Table 2 presents the baseline associations of BMI
categories and metabolic status markers with reason-
ing, memory, verbal fluency, and global cognition.
BMI categories and all components used to define
metabolic abnormality, except the fasting glucose
component, were associated with cognitive function
(separate models were used to derive estimates). Ta-
ble 3 shows these associations using the 6 BMI-
metabolic categories; compared with the normal
weight-metabolically normal group, all the other 5
groups had poorer global cognitive scores. In the
metabolically normal group, there was a graded asso-
ciation between higher BMI and lower cognition as
indicated by the tests for trend (all p < 0.01) (table

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



Table 4
baseline (1991-1993)2

Metabolically normal®
Global score

Normal weight —0.40(-0.42to —0.38)

Overweight —0.42(-0.45to —0.39)
Obese —0.42(-0.50to —0.34)
p for trend? 0.36

Reasoning

Normal weight —0.31(-0.33to -0.29)

Overweight —0.29 (-0.32 to —0.26)
Obese —0.35(-0.42to —0.28)
p for trend? 0.83
Memory

Normal weight —0.26 (—0.30to —0.23)

Overweight -0.33(-0.37 to —0.28)
Obese —-0.29(-0.40to0 -0.18)
p for trend? 011

Verbal fluency
Normal weight -0.37(-0.39 to —0.34)

Overweight —0.36 (-0.40to —0.33)

Obese —0.39(-0.48t0 -0.29)

p for trend? 0.85

Abbreviation: BMI = body mass index.

10-year cognitive decline (expressed as z scores) by BMI categories and metabolic status at

Metabolically abnormal® p Value®
—0.40(-0.45to —0.36) 0.97
—0.43(-0.46 to —0.39) 0.77
—0.49(-0.55t0 -0.42) 0.19
0.03
—0.30(-0.35to —0.26) 0.91
—0.36(-0.39to —0.32) 0.002
—0.35(-0.40to —0.29) 0.94
0.10
—0.27 (-0.33 to —0.20) 0.96
-0.27(-0.33to -0.22) 0.12
—0.33(-0.43to —0.24) 0.58
0.20
-0.37(-0.43t0 -0.32) 0.77
—0.38(-0.42to —0.34) 0.54
—0.42(-0.50to —0.34) 0.59

0.33

2 Analysis using mixed models, adjusted for age at baseline, sex, education, and their interactions (when p < 0.10) with time

and with the BMI—metabolic status measure.

b Metabolic abnormality was defined as having 2 or more of the following components: 1) triglycerides =1.69 mmol/L or
lipid-lowering medication; 2) systolic blood pressure =130 mm Hg, diastolic blood pressure =85 mm Hg, or medications; 3)
glucose =5.6 mmol/L or medications; and 4) HDL cholesterol <1.04 mmol/L for men and <1.29 mmol/L for women.

¢ p Value for difference in cognitive score between metabolically normal and abnormal by BMI category based on paired

comparisons derived from a model containing all 6 groups.

9 The test for trend was drawn from analysis stratified by metabolic status.

3). This was not the case in those who had metabolic
abnormalities (p for trend ranged from 0.42 to 0.74).
We also undertook pairwise comparisons as a func-
tion of metabolic status (right-hand column, table 3)
by changing the reference category but keeping all
6 groups in the analysis. For global cognition,
these analyses show that in the normal weight
group cognition was poorer in participants with
metabolic abnormalities than in those who were
metabolically normal (p < 0.001). This was also
true for the overweight individuals (» = 0.02) but
not the obese individuals (p = 0.82). In fact, there
were no differences between the metabolically nor-
mal and abnormal obese individuals on scores of
reasoning (p = 0.71), memory (p = 0.30), or ver-
bal fluency (p = 0.90).

Table 4 presents 10-year cognitive decline in the 6
BMI-metabolic status categories. These results show
decline in global cognition of approximately 410 SD
(—0.40; 95% CI —0.42 to —0.38) in the normal
weight-metabolically normal group. Except for

global cognition, the rate of decline was mostly simi-
lar in all groups, implying that the baseline associa-
tion (table 3), the relative difference in cognitive
scores between these categories, tracks over time. For
the global score there was some evidence of greater
cognitive decline in the metabolically abnormal-
obese group compared with the normal weight (both
metabolically normal and abnormal) individuals
(p = 0.03, pairwise comparison). The test for trend
(p = 0.03) in the metabolically abnormal group sug-
gested faster cognitive decline with increasing BMI.

DISCUSSION The present study assessed the associ-
ation of phenotypes defined using BMI categories
and metabolic status with cognitive function and de-
cline. Our results show that cognition at baseline and
cognitive decline over the 10-year follow-up were
similar in the metabolically normal-obese (or meta-
bolically healthy-obese) and the metabolically
abnormal-obese individuals. In the metabolically
normal group, lower BMI was associated with better
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cognition at baseline and similar cognitive decline as
a function of BMI, suggesting that baseline differ-
ences were maintained but did not increase over
time. In the metabolically abnormal group, there
were no differences in cognitive performance at base-
line as a function of BMI. However, the longitudinal
analysis in this group, statistically significant only for
the global measure, suggests faster cognitive decline
over 10 years with increasing BMI.

The results at baseline provide no support for an
accumulation of risk arising from the presence of
both obesity and metabolic abnormality. Thus, ei-
ther obesity or metabolic abnormality is sufficient to
affect cognition, and these factors seem not to exert
additive influences on cognition. The longitudinal
analyses appear to suggest some accumulation of risk,
with the decline being somewhat greater in individu-
als with both metabolic abnormalities and obesity.
We note that this trend is evident for all tests but
statistically significant only for the global cognitive
score. Because measurement error is minimized in
this type of global score,?® there appears to be some
evidence of accumulation of risk concerning cogni-
tive decline. However, there was no evidence that the
metabolically normal obese group had a better cogni-
tive profile than the metabolically abnormal obese
group.

In relation to cardiovascular disease, some!”~'? but
not all, previous studies** 2 have reported better out-
comes for metabolically healthy obese than for meta-
bolically unhealthy obese individuals. Our results
show this not to be the case for cognitive function.
Some of the attempts to examine obesity phenotypes
have constructed 4 groups: normal weight, over-
weight, obese healthy, and obese unhealthy.*® How-
ever, it is clear from previous results* and our data
that the normal and overweight groups are not ho-
mogeneous in terms of metabolic health. Our results
show that among normal-weight and overweight in-
dividuals, an adverse metabolic profile was associated
with poorer cognitive function. In our sample, 18%
of the normal-weight individuals had metabolic ab-
normalities, a somewhat lower figure than the 21.1%
in women and 30.1% in men reported for North
American data using slightly different criteria to de-
fine metabolic abnormalities.’> The poorer cognition
in the normal weight-metabolically abnormal group
in our data cannot be attributed to these individu-
als having become obese at the end of the follow-
up. BMI data from the end of the follow-up,
concurrent with the cognitive testing, showed that
a similar proportion of individuals in the normal
weight-healthy and normal weight-unhealthy
group (1.8% vs 1.6%) had become obese at the
end of the follow-up.

Neurology 79 August 21,2012

Because age is known to modify the association
between adiposity and cognitive outcomes,>” we ex-
amined this association in individuals whose mean
age was 50 years at the start of the cognitive testing.
The magnitude of the effect at baseline was impor-
tang; for example, in metabolically normal individu-
als, the difference in global cognitive score for obese
individuals (0.16 SD, table 3) was comparable to 3.8
years of cognitive decline (the 10-year decline being
0.42 SD in this group, table 4). However, the longi-
tudinal analyses show faster decline as a function of
BMI status only in the metabolically abnormal
group. The cross-sectional and longitudinal analyses
taken together suggest that the effects of BMI and
metabolic status persist over time, with some sugges-
tion of a faster decline in those with an adverse BMI
and metabolic profile.

There is considerable evidence from single studies
and meta-analyses to suggest that obesity in midlife is

n”1% and greater risk

associated with poorer cognitio
of dementia in later life.">>¢ The extent to which
these associations are causal remains unclear. Cogni-
tive reserve,? genetic factors,* or fetal exposures*
could also underlie these associations. Because our
results were robust to adjustment for education and
other markers of reserve such as height and occupa-
tion (results not shown), cognitive reserve is an
unlikely explanation for our findings. Besides ex-
amining the effect of genetic factors and putative fe-
tal exposures, further research also needs to take into
account the duration of obesity and metabolic status
and perhaps assess cognitive decline over a longer
follow-up to allow better understanding of the asso-
ciation between obesity and cognition.

There are several plausible mechanisms underlying
the association between obesity and adverse cognitive
outcomes. Vascular pathologies (white matter lesions,
lacunar infarcts, hypoperfusion, blood vessel inflamma-
tion, and cerebrovascular disease) are seen to be the pri-
mary mechanism underlying this association.? Other
possible mechanisms relate to secretions of adipose tis-
sue, leptin, and adiponectin in particular, which affect
the aging brain.>¢ Previous studies have shown high
BMI to be associated with poor performance in multi-
ple cognitive domains.®1*3> QOur results show associa-
tions at baseline across the cognitive domains examined.

There is considerable evidence to show adverse
effects of obesity on health.'¥!° As obesity becomes
more prevalent (400 million adults were obese in
2005 with the figure projected to rise to more than
700 million by 2015),% questions are raised about
the ubiquity of its impact on health. The idea of an
obesity spectrum suggests that the severity and dura-
tion of obesity are important.’” Recent analysis using
data from nearly 900,000 individuals show that each

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



5 kg/m® higher BMI was associated with approxi-
mately 30% higher overall mortality.!® There is also
emerging evidence of the effect of duration of obe-
sity, every 2 obese-years increasing mortality risk by
6%.® In addition, it is known that early life measures
of obesity predict late life measures, which provides
evidence of longitudinal stability or tracking.®
Thus, to estimate the impact of obesity on cogni-
tion, the number of years lived with obesity is
likely to be important.

The main strengths of this study include the large
sample size, comprehensive assessment of cognition,
and the 5-year delay between the assessment of the
exposure and the first cognitive measure, ruling out,
to some extent, reverse causation biases. We used a
battery of cognitive tests and present results using the
global cognitive score, allowing replication across
studies in the future. The most important limitation
of the study is that participants of the Whitehall II
study are mainly office-based civil servants, not fully
representative of the British population because the
study does not include the unemployed or individu-
als in blue collar professions.

In sum, given the rapid increase in obesity levels
globally, it is important to estimate its impact on
health from a public health point of view. If the con-
cept of MHO holds, then the estimation of the neg-
ative impact of obesity on health needs to be
revisited. Our data suggest no such heterogeneity in
the impact of obesity on cognitive performance in
early old age, because obese individuals who are oth-
erwise metabolically healthy have a risk of poor cog-
nition similar to that of their obese metabolically
unhealthy counterparts.
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